The aim of this crossover study was to determine the optimal size of laryngeal mask airway in children weighing 10 to 20 kg. In each of 67 apnoeic anaesthetized children, the size 2 and size 2½ laryngeal mask airways were inserted consecutively by a skilled user and the cuff inflated to 60 cmH 2 O. Each LMA was assessed for the ease of insertion (by the number of attempts), oropharyngeal leak pressure, anatomical position (assessed fibreoptically) and the volume of air required to achieve intracuff pressure of 60 cmH 2 O. During the measurement of oropharyngeal leak pressure, the airway pressure was not allowed to exceed 30 cmH 2 O. There was no failed attempt at insertion with any size. The oropharyngeal leak pressure was significantly less for the size 2 LMA compared to the size 2½ LMA (P<0.001). The oesophagus was visible on three occasions, all with the size 2 LMA. Gastric insufflation occurred in three patients, all with the size 2 LMA. The incidence of low oropharyngeal leak pressure (<10 cmH 2 O) was low (9.0%) and all occurred with the size 2 LMA. The fibreoptic bronchoscope scores were not significantly different between the two sizes of LMAs. The volume of air to achieve intracuff pressure of 60 cmH 2 O was much lower than the maximum recommended volume (5.1 ml for size 2 and 6.2 ml for size 2½). We conclude that the size 2½ LMA provides a better fit than size 2 in children 10 to 20 kg.
The laryngeal mask airway (LMA) is being used increasingly in paediatric anaesthesia. It is a scaleddown version of the adult form and no direct postmortem specimen work has been published. The anatomy of the larynx of children is known to be different from that of adults. A higher and more anterior larynx with a relatively large floppy epiglottis may make the proper placement of the LMA difficult. The manufacturer (Intavent, Henley-on-Thames, U.K.) currently recommends the size of the LMA for children based on weight (size 2 for 10 to 20 kg and size 2½ for 20 to 30 kg) 1 . This weight-based formula had been evaluated by several previous studies in adults which suggested that "up-sizing" of LMA and a gender-based formula (size 3 to size 4 for females and size 4 to 5 for males) provided better fit for the patients [2] [3] [4] . It is common practice to inflate the LMA with the maximum recommended volumes of air 1 . It is now suggested that a cuff pressure of 60 cmH 2 O is more appropriate 5 .
In this study, we have compared the size 2 and the size 2½ LMA for children weighing 10 to 20 kg in terms of ease of insertion, oropharyngeal leak pressure, anatomical position (assessed fibreoptically) and the volume of air required to achieve intracuff pressure of 60 cmH 2 O.
METHODS
After obtaining approval from the local Ethics Committee, 67 ASA 1/2 children between 10 and 20 kg scheduled for elective surgery were recruited into the study. Patients were excluded if they had respiratory tract pathology, were at risk of aspiration or otherwise considered unsuitable for laryngeal mask use. Their ages, heights, weights and body mass indices were recorded.
Anaesthesia was induced either intravenously with thiopentone 5 mg/kg or inhalationally with sevoflurane 8% and nitrous oxide 50%. Intravenous fentanyl 1 µg/kg was then given to induce apnoea. Adequate depth of anaesthesia was established with bag and mask using sevoflurane and nitrous oxide. The laryngeal mask was inserted when the end-tidal sevoflurane concentration reached 5%.
A size 2 laryngeal mask, as recommended by the manufacturers for this weight child 1 , was inserted first. The laryngeal mask was inserted by an experienced anaesthetist using the standard Brain technique 6 . Successful placement was judged by chest wall excursion and capnography. The cuff of the laryngeal mask was then inflated with air until the intracuff pressure reached 60 cmH 2 O 5 . The oropharyngeal leak pressure (the airway pressure at which the manometer dial reached stability with a fresh gas flow of 3 l/min and the expiratory value of the circle system closed) was next measured. It was classified as high (≥20 cmH 2 O), medium (11-19 cmH 2 O) or low ( 10 cmH 2 O). The airway pressure was not allowed to exceed 30 cmH 2 O. The mouth of the patient was then opened to check if the cuff was visible. The position of the laryngeal mask airway was assessed using a fibreoptic scope which was passed through the laryngeal mask airway to a position just proximal to the mask aperture bars and the view was scored according to criteria listed in Table 1 . Any visibility of the oesophagus was also noted.
The first laryngeal mask airway was removed and a second laryngeal mask airway (size 2½) was inserted. The patient was ventilated with a facemask between insertions. The fit and position of the second laryngeal mask airway were assessed in a similar manner to the first.
The following parameters were recorded: the ease of insertion (Table 2 ; a failed attempt is when the LMA had to be removed from the mouth), the oropharyngeal leak pressure, the presence of cuff in the mouth, the fibreoptic bronchoscope scores, the lowest SaO 2 during the insertion of each laryngeal mask airway and any other adverse events (e.g. gastric insufflation as indicated by epigastric distension, dislodgement, etc) that may have occurred.
Statistical analysis was with paired t-test, Wilcoxon signed rank test and McNemar's test. Significance was taken as P<0.05.
RESULTS
The demographic data of the patients are presented in Table 3 . The number of attempts, oropharyngeal leak pressures, fibreoptic scores and volume of air to achieve an intracuff pressure of 60 cmH 2 O are presented in Table 4 . These parameters are presented for patients 10 to 15 kg in Table 5 and for patients 15.1 to 20 kg in Table 6 .
There was no failed attempt at insertion with any size. The oropharyngeal leak pressure was significantly less for the size 2 LMA compared to the size 2 1 ¼2 LMA (P<0.001). This was true for patients Only vocal cords seen 3
Vocal cords and posterior part of epiglottis seen 2
Vocal cords and anterior part of epiglottis seen 1
Vocal cords not seen The fibreoptic bronchoscope scores were not significantly different between the two sizes of LMA. The oesophagus was visible via the bronchoscope on three occasions, all with the size 2 LMA. The cuff was visible in the mouth on three occasions and all occurred with the size 2½ LMA. There were two incidences of LMA dislodgement, one with the size 2 LMA and one with the size 2½ LMA. The lowest SaO 2 was not different between the two sizes of LMAs. Gastric insufflation occurred in three patients with the size 2 LMA (oropharyngeal leak pressure was less than 20 cmH 2 O in all three cases).
DISCUSSION
In this study we have demonstrated that the size 2½ LMA provides a better seal in paediatric patients weighing 10 to 20 kg compared to the recommended size 2 LMA. Several studies had shown that upsizing of the LMA in adults (from size 3 to 4 in females and from size 4 to 5 in males) provided a better seal as reflected by higher oropharyngeal leak pressures [2] [3] [4] . However, to date there are no similar data available for paediatric patients. Although some anaesthetists may be concerned about the possibility of adverse effects due to inserting a larger LMA in children, especially those weighing less than 15 kg, our data showed no difference in the number of insertion attempts or the incidence of dislodgement in these children. Instead, a higher oropharyngeal leak pressure was achieved.
Many anaesthetists manually ventilate patients via the LMA at induction to check airway patency or to compensate for periods of apnoea. Our data showed that there is a higher proportion of patients with an oropharyngeal leak pressure of more than 20 cmH 2 O with the size 2½ LMA compared to the size 2 (52.2% vs 34.3%, P=0.055). Although this does not reach statistical significance, the ability to improve the seal in 18% of patients is probably clinically significant, as a better seal should reduce the risk of gastric insufflation (and associated problems such as diaphragmatic splinting and regurgitation of gastric contents). The observation of gastric insufflation in our patients is probably an underestimate of the real incidence since epigastric distension is a rather insensitive indicator. It has been demonstrated in adults that the incidence of gastric insufflation increases significantly when the peak airway pressure is more than 20 cmH 2 O during positive pressure ventilation via the LMA [8] [9] [10] .
A higher oropharyngeal leak pressure implies a better seal around the glottis not only to prevent leakage of gases into the stomach but also to prevent contamination of the larynx with oropharyngeal secretions. It has been suggested that in patients undergoing spontaneous ventilation, oropharyngeal leak pressure should be more than 10 cmH 2 O 11 (the approximate pressure of fluid at the posterior pharyngeal wall if the oral cavity is flooded). The incidence of oropharyngeal leak pressure of 10 cmH 2 O or less (with intracuff pressure of 60 cmH 2 O) is low (9.0%) and all occurred with the size 2 LMA. Although it has been suggested that the intracuff pressure may be reduced to 22 mmHg (28.6 cmH 2 O) without significantly affecting tidal ventilation in spontaneously breathing anaesthetized patients 12 , we are reluctant to reduce the intracuff pressure in our patients further (especially with the size 2 LMA) as this may lead to increased risk of laryngeal contamination.
It is interesting to note that a small volume of air is sufficient to achieve an intracuff pressure of 60 cmH 2 O. This low intracuff pressure is currently recommended by the manufacturer with the aim of reducing pharyngeal morbidity 5, 6 . This is logical since the LMA is soft at low cuff volume/low cuff pressure and therefore sufficiently compliant to adapt to the different pharyngeal shapes. Thus, the incidence of pharyngeal morbidity will be lower although this has been challenged 13 . At high volumes, the LMA is poorly compliant. This may lead to local high pressure points resulting in tissue or nerve damage 14, 15 without improving the seal 16 . A survey among our nurses revealed that 80% of them would inflate the LMA with the maximum recommended volume (10 ml for size 2 and 14 ml for size 2½) 1 fact, it is recommended that the cuff should be periodically deflated during anaesthesia to prevent excessive increase in cuff volume/pressure due to nitrous oxide diffusion 17, 18 . Fibreoptic assessment of LMA position showed a high incidence of the epiglottis impinging on the grille of the LMA (60.3% for size 2 and 58.8% for size 2½). This is consistent with previous studies which found a high incidence of epiglottic downfolding in children compared to adults 19, 20 . This may be due to the relatively larger and more floppy epiglottis in children 21 . Although this constitutes endoscopic evidence of airway obstruction, there was no obstruction to airflow in any of these cases. Presumably, the area between the downfolded epiglottis and the laryngeal aperture is large enough to allow unobstructed ventilation. The LMA may sometimes enclose the epiglottis even if it is correctly positioned 22 . The results of the fibreoptic assessment should be interpreted with caution as the fibreoptic bronchoscope offers only a two-dimensional assessment of the LMA position.
In conclusion, the use of a size 2½ LMA in children weighing 10 to 20 kg provides a better fit compared to size 2 LMA. We recommend that the volume of air used to inflate the LMA be reduced from that currently recommended.
